Salmonella enterica serovar Enteritidis (S. Enteritidis) is frequently associated with food-borne disease worldwide. Poultry-derived products are a major source. An epidemic of human infection with S. Enteritidis occurred in Uruguay, and to evaluate the extent of poultry contamination, we conducted a nationwide survey over 2 years that included the analysis of sera from 5,751 birds and 12,400 eggs. Serological evidence of infection with Salmonella group O:9 was found in 24.4% of the birds. All positive sera were retested with a gm flagellum-based enzyme-linked immunosorbent assay, and based on these results, the national prevalence of S. Enteritidis infection was estimated to be 6.3%. Salmonellae were recovered from 58 of 620 pools made up of 20 eggs each, demonstrating a prevalence of at least 1 in every 214 eggs. Surprisingly, the majority of the isolates were not S. Enteritidis. Thirty-nine isolates were typed as S. Derby, 9 as S. Gallinarum, 8 as S. Enteritidis, and 2 as S. Panama. Despite the highest prevalence in eggs, S. Derby was not isolated from humans in the period of analysis, suggesting a low capacity to infect humans. Microarray-based comparative genomic hybridization analysis of S. Derby and S. Enteritidis revealed more than 350 genetic differences. S. Derby lacked pathogenicity islands 13 and 14, the fimbrial lpf operon, and other regions encoding metabolic functions. Several of these regions are present not only in serovar Enteritidis but also in all sequenced strains of S. Typhimurium, suggesting that these regions might be related to the capacity of Salmonella to cause food-borne disease.
Salmonella enterica is a major cause of food-borne disease worldwide (14, 18, 46) . Poultry-derived products, particularly chicken eggs, are considered a major source of human infection with Salmonella (2, 20, 38) . Chickens can be infected with many different serovars of Salmonella. Of these, S. enterica serovars Pullorum and Gallinarum (S. Pullorum and S. Gallinarum, respectively) are host specific and represent a major concern for the poultry industry but have no impact on public health. Other S. enterica serovars frequently isolated from chickens, such as Typhimurium, Enteritidis, and Heidelberg, can infect a wider range of hosts and frequently reach the human food chain, causing food-borne disease.
A peculiar epidemiological feature of human salmonellosis is that epidemics are commonly associated with a particular prevalent serovar of S. enterica that shows temporal and geographical variation. Until the 1980s, S. enterica serovar Typhimurium (S. Typhimurium) was the serovar most commonly isolated from humans worldwide, but by the late 1980s, S. enterica serovar Enteritidis (S. Enteritidis) emerged as the most common cause of salmonellosis in Europe, and during the 1990s, it became the most prevalent serovar in many countries worldwide (9, 22, 33, 40, 43) . The reasons for this worldwide serovar shift are still not understood, and several hypotheses have been proposed, including the existence of a rodent reservoir for S. Enteritidis or the epidemiological change induced by vaccination of poultry against the closely related bacterium S. Gallinarum (47) .
In Uruguay, S. Typhimurium was the most frequently isolated serovar until 1994, and S. Enteritidis was only sporadically isolated (3, 24, 37) . In 1995, a first outbreak of S. Enteritidis occurred, starting an epidemic that lasted almost 10 years. This outbreak was traced back to sandwiches prepared with contaminated mayonnaise that were distributed nationwide by a local catering service. According to data provided by the national public health authorities, the outbreak affected an estimated 600 individuals countrywide. From then on, several other outbreaks of various sizes occurred and S. Enteritidis was identified as the cause in 89% of Salmonella food poisoning episodes. In most of these cases (80%, according to official records), eggs or chicken meat was identified as the source of infection. From 1997 to 2004, S. Enteritidis was the most frequently identified serovar in Uruguay, accounting for more than 50% of the strains received each year at the National Salmonella Center and for more than 85% of the strains isolated from humans (3). After 2005, there was a dramatic re-duction in the number of S. Enteritidis outbreaks, and this year was considered the end of the epidemic. Over the last 3 years, S. Typhimurium has become the serovar most frequently associated with isolated cases of food poisoning, and S. Derby and S. Panama have been sporadically isolated. Nevertheless, S. Enteritidis is still the serovar most frequently associated with outbreaks in the country.
S. Enteritidis frequently colonizes the alimentary tracts of chickens without causing disease. However, it can produce a systemic infection in young chicks that may further lead to the infection of egg contents (13, 51) . With the aim of knowing the prevalence of S. Enteritidis infection in poultry, we designed and conducted a countrywide serological and microbiological survey of chicken flocks and commercially available eggs from 2000 to 2002, and the results are presented here. An unexpected result of the survey was a higher prevalence of S. Derby than S. Enteritidis in eggs, particularly because while the latter was identified as the etiological agent of the epidemic there were no reports of human infections with S. Derby in the same period of time. This suggested a low capacity of S. Derby isolates to infect humans; thus, we performed a genomic comparison of the two serovars to search for genetic differences that could be the basis of such marked differences in epidemiological behavior. We found that S. Derby lacks several genomic regions related to virulence, suggesting that these regions could be involved in the capacity of Salmonella to cause food-borne disease.
MATERIALS AND METHODS

Serological survey. A serological survey for the detection of antibodies against
Salmonella O:9 lipopolysaccharide (LPS) was conducted on a representative sample of Uruguayan breeding and commercial egg-laying flocks. The size of the sample was defined with statistical criteria, considering a whole population of approximately 2,500,000 laying hens and 250,000 breeders. Based on preliminary estimations, we assumed an expected prevalence of infection of 5% among laying birds and 2% among breeders. A sampling error of 0.2% and a confidence interval of 95% were taken into account in defining the extent of the sampling regimen. Based on these assumptions, a total of 34 flocks (20 layer and 14 breeder flocks) from the 664 flocks in the country were selected for sampling, and from these, 5,751 hens were randomly selected using a stratified random sampling methodology. The selected farms were located in 7 of the 19 Departments into which Uruguay is divided and were geographically representative of all of the major poultry production areas.
A questionnaire was administered along with the survey to build a database containing information from each farm surveyed, including the history of previous vaccination with a locally available product, i.e., 9R (Nobilis SG 9R; Hoechst Roussel-Intervet) or inactivated S. Enteritidis (SEI; Ciencia Lab, Merial) vaccine. Table 1 shows data from all of the sampled flocks and farms.
Blood was obtained from the wing vein, and serum was separated. Labeled coded samples were stored in freezer boxes at Ϫ20°C until assessed. Sera were evaluated double blind for serological evidence of infection using two different screening methods, an S. Enteritidis LPS enzyme-linked immunosorbent assay (ELISA) (a modification of the method described by Nicholas and Cullen in 1991 [35] ) and agglutination by Rapid Slide Test (RST) using locally produced S. Pullorum-S. Gallinarum polyvalent somatic antigens as described by the Office International des Epizooties (48) .
All sera yielding a positive result by any of the screening methods were also evaluated by a commercial ELISA kit that assesses antibodies against gm flagellin antigens (gm ELISA, Salmonella Enteritidis antibody test kit, FlockChek Se assay; IDEXX Laboratories, Inc., Westbrook, ME).
LPS ELISA. Sera were analyzed using a modification of a previously described method (35) . Briefly, microtiter plates were coated with 50 l of LPS solution at 5 g/ml (LPS from Salmonella Enteritidis; Sigma Chemical Co., St. Louis, MO) in coating buffer (0.05 M carbonate-bicarbonate buffer, pH 9.6) and incubated for 1 h at 37°C. The plates were washed five times in phosphate-buffered saline (PBS) containing 0.05% Tween 20. Test and control sera were diluted 1/1,000 in PBS-Tween buffer with 1% bovine serum albumin and assayed in duplicate using 50 l per well. Plates were incubated for 1 h at 37°C and then washed as before. A solution of goat anti-chicken IgG conjugated to peroxidase (Bethyl Laboratories, Inc., Montgomery, TX) diluted in PBS-Tween-bovine serum albumin buffer was added (50 l per well), and the mixture was incubated for 1 h at 37°C and washed as before. Finally, 50 l of the substrate (0.4 mg/ml O-phenylenediamine dihydrochloride; ICN Biomedicals Inc., Irvine, CA) in pH 5 citratedisodium phosphate buffer containing 0.02% hydrogen peroxide was added. The reaction was stopped after 15 min with 3 N sulfuric acid, and readings were taken at 490 nm in a laboratory microplate reader (MRX; Dinex Technologies, Inc., Chantilly, VA).
To define a cutoff value for the ELISA that distinguishes negative from positive samples, the sera from 50 specific-pathogen-free (SPF) chickens (obtained from the Central Veterinary Laboratories, Ministry of Agriculture, Uruguay) plus two positive controls (see below) were evaluated 10 times by two different operators. The average of all optical density (OD) values of the SPF chicken sera plus 2 standard deviations (SD) was calculated and defined as the threshold value.
For analysis of the sera taken during the survey, each ELISA plate included two positive-control and two negative-control sera. Positive controls were a positive-control serum (PC1) obtained from R. Davies (Central Veterinary Laboratories Weybridge, United Kingdom) and a pool of sera from chickens experimentally infected with S. Enteritidis (PC2). Negative controls were a pool of the sera from SPF birds (NC1) and a single SPF chicken serum (NC2). PC1/NC1 and PC2/NC2 ratios were calculated for the 10 plate determinations described above, and the average and SD values were registered. For plate validation, both ratios were calculated and the plate was validated when the ratios fell within the previously determined averages Ϯ 2 SD.
RST. The RST was performed by standard methods previously described (48) . Briefly, equal volumes of crystal violet-stained polyvalent somatic antigen and serum were mixed in a glass slide; the results were read in 2 min maximum. Known positive and negative controls were examined together with each batch of samples.
gm ELISA. Sera were processed using a commercial ELISA kit (FlockChek Se assay; IDEXX Laboratories, Inc., Westbrook, ME) specifically designed to detect antibodies to Salmonella Enteritidis in serum or egg yolk by following the manufacturer's instructions. The method is a gm flagellin-based assay that relies on anti-flagellar antibody in the sample to inhibit the subsequent binding of the enzyme conjugate, preventing color development in the positive sera. A flock was considered positive when it contained at least one positive serum result by this method.
Statistical analysis. The hypothesis test for difference between proportions (two-proportion z test), Fisher's exact test, and the odds ratio (OR) were used to evaluate the differences between the proportion of positive flocks or positive sera corresponding to different groups of birds (e.g., breeders versus layers, vaccinated versus not vaccinated). An alpha value of 0.05 was used.
The prevalence of Salmonella in eggs was estimated by using a pooled prevalence estimate for a perfect test with exact confidence limits, using EpiTools software available from AusVet Animal Health Services, Australia.
Microbiological survey. The prevalence of Salmonella in eggs was surveyed by evaluating a representative sample of eggs available commercially. Farms covering the whole country and different scales of production were randomly selected for evaluation, and based on data on their market share, 300 to 1,200 eggs were collected from each of them. A total of 12,400 eggs from 21 different poultry farms were evaluated; 15 of these farms had also been surveyed within the serological survey ( Table 1) .
The surface of the eggs was thoroughly cleaned with soap and water and disinfected twice with 70% ethanol. Egg contents were pooled in groups of 20 eggs per pool, placed in sterile plastic bags, and incubated for 24 h at 37°C. The day after, 10 ml per pool was added to 100 ml of peptone water and incubated for 18 h for pre-enrichment. One milliliter of each pre-enriched sample was added to 10 ml of tetrathionate broth and selenite-cystine broth, incubated for 24 h, and plated on both Brilliant Green agar and xylose lysine desoxycholate agar (Oxoid Ltd., Basingstoke, Hampshire, United Kingdom). Suspect colonies were further tested by standard metabolic and biochemical tests, and those that were identified as salmonellae were serotyped using somatic and flagellumspecific sera at the National Salmonella Center.
Sixty hens from each of the 34 poultry flocks were sampled by cloacal swab culture, and 38 environmental samples were taken, looking for Salmonella. At 16 farms, feed samples were also taken (100 g from each farm). Environmental contamination was determined by dragging swabs made moist with skim milk across the floor and other surfaces in contact with birds for 10 min (5). Cloacal samples were processed in pools of 20 swabs each (three pools per flock). Environmental and feed samples were cultivated by pre-enrichment in peptone water, enrichment in tetrathionate and selenite-cystine broth, and plating in MacConkey, Brilliant Green, and XLT4 (xylose lysine Tergitol-4) agar supplemented with novobiocin (Oxoid Ltd., Basingstoke, Hampshire, United Kingdom) (49) .
Antibiotic susceptibility. All Salmonella isolates were tested for their antibiotic susceptibility patterns by the standard disk diffusion method in Mueller-Hinton agar, and the results were interpreted in accordance with the criteria of the Clinical and Laboratory Standards Institute (8) . The strains were screened for resistance to the following antibiotics (Oxoid, Basingstoke, United Kingdom): ampicillin, nalidixic acid, gentamicin, trimethoprim-sulfamethoxazole, tetracycline, and chloramphenicol. Strains showing ampicillin resistance were further tested against cephalothin, cefoxitin, cefuroxime, ceftriaxone, ceftazidime, ampicillin-sulbactam, and amoxicillin-clavulanic acid. The double-disk synergy test was used to screen for the production of extended-spectrum ␤-lactamases as described previously (27) . Detection of inducible ␤-lactamases was performed by the disk approximation test, placing a 30-g cefoxitin disk near ceftriaxone, ceftazidime, and cefuroxime disks as described previously (31) . Strains showing nalidixic acid resistance were tested for resistance to ciprofloxacin. In all cases, Escherichia coli ATCC 25922 and ATCC 35218 were used as reference strains.
For quinolone-resistant strains, the presence of the qnr gene was investigated by PCR under previously described conditions (26) .
Random amplified polymorphic DNA (RAPD) PCR. All Salmonella isolates were genotyped by the RAPD PCR method using four arbitrary primers (P1254
, and OPB-15 [CCAGGGTGTT]) as previously described for S. Enteritidis (3). The PCR products were electrophoresed in 2% agarose gels using 0.5ϫ Tris-borate buffer. Only bands whose sizes fell between 200 and 2,000 bp were considered for defining amplification patterns. Patterns were considered different when they differed by more than two bands. A RAPD profile was assigned to each strain by using the combination of patterns obtained with each primer.
PCR for virulence genes. The presence of the avrA, sopE, and spvC genes was evaluated by a multiplex PCR assay using invA-specific primers (GTGAAATT ATCGCCACGTTCGGGCAA and TCATCGCACCGTCAAAGGAACC) as an internal control (32) . The respective primers for spvC (CCCATAAATAGG CCTAATCT and TTACTCTGTCATCAAACGAT), sopE (CAGACCCGTGA AGCTATACT and AATTGCTGTGGAGTCGGCAT), and avrA (GTTATGG ACGGAACGACATCGG and ATTCTGCTTCCCGCCGCC) were previously described (21, 36, 41) . PCR was performed with 4 mM MgCl 2 , 0.3 M avrA primers, 0.3 M invA primers, 0.2 M sopE primers, 0.6 M spvC primers, and 5 U of Taq polymerase (Invitrogen) per 100 l of PCR mixture. The reaction was performed using an annealing temperature of 51°C, annealing and denaturation times of 1 min each, and 35 cycles. Products were electrophoresed in 2.5% Tris-borate-EDTA agarose.
Comparative genomic hybridization (CGH) analysis. One strain each of S. Derby and S. Enteritidis isolated from eggs was analyzed by CGH using the Salmonella generation III microarray (1, 11) and the S. Enteritidis PT4 P125109 sequenced strain (45) Total DNA (including plasmid DNA) was extracted from each strain using a Genome DNA extraction kit (Promega) and quantified by agarose gel electrophoresis. Each DNA sample was diluted to 0.1 g/ml, sonicated for 10 s (level 2, Virsonic 300 sonicator), and then labeled with Cy5 (test) or Cy3 (control) by using the Bioprime kit (Gibco-BRL) according to the manufacturer's instructions. Labeled DNA from S. Enteritidis PT4 (control sample) and one of the query Salmonella strains (experimental sample) were mixed in equal volumes and concentrations. Dye swap labeling experiments were also performed with each test sample. Mixed labeled DNA was cleaned using an Amersham Autoseq G-50 column, denatured, and precipitated, and the resulting probes were hybridized to the microarray slide for 17 h at 49°C in a hybridization chamber (Genetix X2530). Washing procedures were stringent (two washes at 65°C in 2ϫ SSC [1ϫ SSC is 0.15 M NaCl plus 0.015 M sodium citrate]-0.1% sodium dodecyl sulfate for 30 min and two washes at 65°C in 0.1ϫ SSC for 30 min).
Hybridization to microarray slides was detected by using a Genepix 4000B scanner (Axon Instruments, Inc.) and quantified by using Genepix Pro software (Axon Instruments, Inc.). Signal intensities were corrected by subtracting the local background values. Normalization was performed across all features on the microarray before any filtering took place. Data were median normalized, and the total list of 6,871 genes was filtered by removing those spots with a high background and genes without data in at least one of the replicates (three slides per strain, duplicate features per slide). After filtering, a list of 5,695 genes was obtained that corresponded to genes that presented a valid signal in at least one of the strains analyzed. Normalization and filtering were performed using GeneSpring microarray analysis software V7.2 (Silicon Genetics). Data analysis was performed on Excel files, following criteria previously described (4) .
Calling of genes present in the PT4 genome (4,087 genes). Spots showing low signal intensity when hybridized with PT4 DNA (i.e., the median contribution of the reference signal replicates to the total signal among the lowest 5% of the PT4 genes) were designated "uncertain." For all of the other genes, the median of the ratios of the query strain to PT4 was registered and those with ratios higher than 0.67 were designated "present" in the query strain whereas those with ratios lower than 0.33 were designated "absent/divergent" in the query strain. Intermediate ratios were registered as "uncertain."
Calling of genes absent from the PT4 genome (1,608 genes). If the median contribution of all spots per gene was among the top 70% of the genes represented on the array and the query strain/PT4 signal ratio was higher than 2.5, the gene was defined as "present" in the query strain. If the median contribution was among the bottom 20% of the genes in the array, the gene was called "absent." Spots that fell outside these categories were called "uncertain."
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For validation, we applied this method to predict present/absent genes in S. Typhi CT18 and S. Typhimurium DT104 sequenced strains and found an error rate of less than 1%.
Microarray data accession number. Raw microarray data and grid files were submitted to ArrayExpress with accession number E-TABM-603 (http://www.ebi .ac.uk/microarray-as/ae/browse.html?keywordsϭE-TABM-603).
RESULTS
Serological survey. The code names assigned to the farms, the characteristics of the birds, and the number of sera sampled per farm are indicated in Table 1 . Two different screening methods, LPS ELISA and an RST, were used to assess a total of 5,751 sera as described in Materials and Methods. The results of the serological survey are presented in Tables 2 and  3 for layers and breeders, respectively, and taken together, we found that 979 (485 ϩ 494) and 751 (524 ϩ 227) sera tested positive as evaluated by LPS ELISA and RST, respectively. Similarly, we found that the sera of 858 layers (Table 2 ) and of 543 breeders (Table 3 ) tested positive by either of the two screening methods, which corresponds to 24.4% of the birds (1,401 out of 5,751) showing evidence of infection by at least one of these two methods (Table 4) . Positive sera were found in all of the flocks sampled. All positive sera were retested by an S. Enteritidis-specific gm ELISA. As shown, 8 out of 20 flocks of layer hens (Table 2 ) and 4 out of 14 flocks of breeders (Table 3) had birds than tested positive. Thus, only 12 out of the 34 flocks analyzed presented at least one positive serum sample.
Further analysis revealed that although the percentage of positive results obtained by either of the two screening methods did not differ between the different groups of birds (layers, layer-breeders, and broiler-breeders), the gm ELISA results were markedly different between groups (Table 4 ). The differences between any two groups were significant (P Ͻ 0.0001 by Fisher's exact test and P Ͻ 0.0002 by a difference-betweenproportions test). The highest percentage of birds positive for anti-gm antibodies was found among broiler-breeders (19.2%), whereas layer-breeders presented the lowest estimated frequency (less than 0.1%). Laying hens had odds of being positive in the gm-ELISA that were more than 100 times those of layer-breeder hens (OR ϭ 106.3; 95% confidence interval [CI], 14.83 to 762.0). Broiler-breeders had odds of being positive that were six times those of laying hens (OR ϭ 6.67; 95% CI, 4.81 to 9.25).
Since previous vaccination of the flocks with any of the available vaccines (see Materials and Methods) might result in serum antibodies that could potentially interfere with the serological survey, farm owners were asked to report whether vaccination had been used on their own farms. Of 29 farms surveyed by serology, 9 had previously vaccinated their flocks. These farms comprised 13 flocks of which 9 had been vacci- nated with the S. Gallinarum 9R vaccine, 3 with inactivated S. Enteritidis SEI vaccine, and 1 with both (Table 1 ). All birds from the nine flocks vaccinated with 9R alone tested negative by gm ELISA. Only two flocks vaccinated with SEI vaccine and one vaccinated with both vaccines included birds that tested positive by the gm ELISA. However, Salmonella was also isolated from eggs or from the environment at two of these farms. Overall, these results strongly suggest that previous vaccination did not bias the prevalence results obtained. As for the 20 farms were no vaccine had been used, they comprised 21 flocks, of which 9 had birds that tested positive by the gm ELISA. Considering all of the flocks together, nonvaccinated flocks had odds of testing positive by gm-ELISA (OR ϭ 3.03; 95% CI, 0.6439 to 14.26) that were three times those of vaccinated flocks, although these differences lacked statistical significance. However, if the analysis was conducted considering the results of individual sera, it emerged that those animals from nonvaccinated flocks or from flocks vaccinated with SEI had odds of testing positive that were more than 30 times those of animals vaccinated with 9R vaccine (OR ϭ 30.91; 95% CI, 12.76 to 74.87; P Ͻ 0.0001).
Bacterial cultures. Salmonella could not be recovered from environmental samples, with the exception of a single S. Enteritidis isolate that was recovered from a broiler-breeder flock (farm 32) ( Table 3 ) in which most of the birds (141 out of 150) tested positive by the gm ELISA. Similarly, all cloacal swab samples were negative for Salmonella.
Twelve thousand four hundred eggs from 21 different farms were assessed in pools of 20 for the presence of Salmonella within the eggs. Salmonella was recovered from 58 out of 620 pools, indicating that during the period of surveillance at least 1 of every 214 eggs (58 of 12,400) in the country was contaminated with S. enterica. This value represents an estimated prevalence of 0.0049 (95% CI, 0.0037 to 0.0063). The isolates were recovered from within eggs from 13 different poultry farms and were serotyped as S. (Table 5 ). At 5 of the 13 farms, we isolated more than one Salmonella serovar. Thus, the prevalence of S. Enteritidis in eggs was estimated to be 0.0006 (95% CI, 0.0003 to 0.0013). Seven S. Enteritidis isolates were from eggs from farms that were also sampled for serology in this study.
Subtyping of strains isolated from eggs. All S. Enteritidis isolates had the same RAPD amplification pattern for all of the primers tested (Fig. 1A) and were susceptible to all of the antibiotics tested. All of the isolates were also positive for three virulence genes evaluated (sopE, avrA, and spvC), with the exception of a single isolate (32/02) that gave a negative PCR result for spvC ( Table 6 ). All of the S. Derby isolates had a single RAPD profile and were susceptible to all of the antibiotics tested. PCR typing with the same three virulence genes showed that all of the S. Derby isolates were positive for avrA but negative for sopE and spvC (Table 6 ). Similarly, both S. Panama isolates had the same RAPD profile and were positive for avrA and negative for sopE and spvC. These two isolates were resistant to ampicillin, cephalothin, cefuroxime, and ceftazidime and susceptible to all of the other antibiotics tested. Among the nine S. Gallinarum isolates, we found three antibiotic susceptibility patterns. One group (S) included four isolates that proved susceptible to all of the antibiotics tested. A second group (R2) included four isolates that were resistant to nalidixic acid and susceptible to all of the other antibiotics tested. PCR results of amplification of the qnr gene were negative in nalidixic acid-resistant isolates (results not shown). The third profile (R3) corresponded to a single strain that had intermediate susceptibility to ampicillin but showed susceptibility to all of the other antibiotics tested. RAPD analysis also allowed the discrimination of three different genetic profiles among these isolates (Fig. 1B) . Profile IV comprised two susceptible isolates, profile V comprised a single isolate with intermediate susceptibility to ampicillin, and profile VI comprised six isolates, four of which were resistant and two susceptible to nalidixic acid. Three S. Gallinarum isolates were positive for avrA, sopE, and spvC, and the other six were negative for spvC (Fig. 2) .
All of these results are summarized in Table 6 .
CGH analysis. A particularly surprising finding was that S. Derby isolates markedly outnumbered the S. Enteritidis isolates from eggs, since during the S. Enteritidis epidemic there were no reported cases of human infection with S. Derby in Uruguay. These results could suggest that these S. Derby isolates have an impaired capacity to infect humans. To gain more knowledge about the differences between S. Enteritidis and S. Derby isolates and search for genetic differences that could be the basis of such marked differences in epidemiological behavior, we performed a microarray-based genomic comparison between one S. Enteritidis (SEN-251/01) egg isolate and one S. Derby (SDER-N11) egg isolate. The S. Enteritidis isolate selected is representative of the major genetic profile circulating in Uruguay, and it appears identical to the PT4 reference strain with regard to chromosomally located genes (4) .
Of the 4,078 genes from the PT4 chromosome analyzed by CGH, 276 are absent from S. Derby (Table 7 ). Around 30% of these genes correspond to phage-encoded features, including S. Enteritidis phages SE10, SE12 (S. Enteritidis sopE phage), SE14, and SE20 (45) . Another 20% of the absent genes correspond to surface structures, including the fimbrial sef and lpf operons, as well as various inner and outer membrane proteins, periplasmic and secreted proteins, and membrane transporters. Various genetic regions identified as related to virulence and pathogenicity were also predicted to be absent from S. Derby. These include the complete Salmonella pathogenicity island 13 (SPI-13) and SPI-14 regions, as well as part of SPI-6 (including various genes encoding Rhs family proteins and SafA lipoprotein) and part of SPI-10 that comprises the complete sef operon.
The use of the pan-Salmonella array also allowed us to find a number of genes predicted to be present in S. Derby but which are absent from the S. Enteritidis PT4 P125109 chromosome. These include 152 features in the array that correspond to S. Typhi CT18, S. Typhimurium LT2, S. Typhimurium DT104, or S. bongori sequenced strains (Table 8) . Among these genes, we found phage-borne genes (27%) plus genes encoding surface structures (26%). An important number of features present in S. Derby (19%) correspond to genes of unknown function.
DISCUSSION
S. Enteritidis has been reported for the last 10 to 15 years to be widely distributed in Argentina, Chile, and Brazil (6, 16, 17) . 
a RAPD profiles correspond to a combination of amplification patterns obtained with four primers as described in Materials and Methods.
b ATB profile, antibiotic resistance profile. S, susceptible to all drugs tested. R1, resistant to ampicillin, cephalothin, cefuroxime, and ceftazidime and susceptible to all other antibiotics tested. R2, resistant to nalidixic acid and susceptible to all other antibiotics tested. R3, intermediate susceptibility to ampicillin and susceptible to all other antibiotics tested.
Similarly, in Uruguay, S. Enteritidis started to be frequently isolated since 1995, and we report here the results of an epidemiological survey aimed at evaluating the extent of S. Enteritidis infection of poultry in the country. The survey was conducted over 2 years, and while it was taking place, an epidemic of food-borne disease was traced to poultry products containing S. Enteritidis. In the survey, serological analysis was emphasized because cloacal swabs were expected to yield false- a Indicates when the complete region or gene is present in the sequenced CT18, LT2, and/or DT104 strains. b ROD indicates the regions of difference between S. Enteritidis and S. Typhimurium previously described by Thomson et al. (45) . c Indicates the genetic regions (including at least three contiguous genes) that are present in the sequenced strains of prevalent serovars Enteritidis and Typhimurium (LT2, DT104, DT2, and D23580 We used two different serological tests (RST and LPS ELISA) for screening that showed complementarity in the field and allowed us to efficiently detect potentially positive samples. The gm ELISA was used as a specific and confirmatory method to detect S. Enteritidis infection, inasmuch as this method would discriminate between sera of birds effectively infected with S. Enteritidis and those that were positive in the screening tests due to vaccination with the 9R strain (the most frequently used vaccine in the country) or due to infection with other serovars of Salmonella O:9. Nevertheless, given the antigenic formula of S. Derby (1,4,12:f,g ) and the observed prevalence of this serovar in eggs, it could be that some of the positive results of the gm ELISA were, in fact, due to S. Derby infection. However, our results suggest that this is very unlikely, since S. Derby was isolated from six different farms that were also evaluated by serology and only two of these included flocks that yielded positive gm ELISA results. Furthermore, from one of these two farms (farm N), we also isolated S. Enteritidis. S. Enteritidis infection in layer birds was evidenced by the presence of anti-gm antibodies in sera, as well as by egg culture. S. Enteritidis was isolated from eggs from three layer farms that had also been evaluated by serology (farms G, N, and S), and flocks from these farms also gave positive results when tested with the gm ELISA. However, sera from birds at four additional laying farms also showed positive results by the gm ELISA, but eggs from these farms did not contain Salmonella (farms K and Q) or contained S. Panama (farms D and T).
Broiler-breeders revealed the highest levels of infection, as assessed by serological analysis. Furthermore, the single positive environmental sample was isolated on a broiler farm. Conversely, layer-breeders were free from serological evidence of infection, with the exception of a single positive serum in the gm ELISA. This low incidence might suggest that this population is not the origin of the infection in layers, which probably occurred through horizontal transfer and might thus eventually be controlled through cleaning and disinfection, water and feed safety assessment, and vaccination.
Vaccination with any of the available vaccines was declared for fewer than half of the flocks studied. Our results show that birds from flocks that were nonvaccinated or that had been vaccinated with SEI vaccine were more frequently infected with S. Enteritidis than birds immunized with the 9R vaccine (OR ϭ 30.91; 95% CI, 12.76 to 74.87; P Ͻ 0.0001). Birds vaccinated only with 9R did not show evidence of S. Enteritidis infection. These results may reflect cross-protection afforded by core LPS or proteins of vaccine strain 9R, as has previously been suggested (15) . An unexpected and particularly surprising finding was the coexistence of four different serovars within commercially available eggs. It is usually accepted that the high prevalence of a particular serovar occurs when it occupies the niche left by another serovar that was previously dominant (i.e., substitution of S. Enteritidis for S. Typhimurium as the main serovar in poultry) (2, 42) . We have found Salmonella of different serovars even within eggs obtained from the same farm. The S. Gallinarum strains recovered were different from the 9R vaccine strain, since 9R has an electrophoretic pattern of a rough strain, whereas all of the strains recovered from eggs showed smooth electrophoretic profiles (results not shown). In addition, five out of nine S. Gallinarum isolates showed resistance traits which are not present in the vaccine strain.
We found a higher prevalence of S. Derby than S. Enteritidis in eggs. This finding is particularly intriguing because while the latter was identified as the etiological agent of the epidemic of food-borne disease, there were no reports of human infections with S. Derby in Uruguay in the same period of time. One reason for such a high prevalence could be that this serovar does not cause disease in chickens and thus it can be maintained without selection pressure in the population. On the other hand, we do not have a clear explanation for the lack of extensive human infection with S. Derby in Uruguay, but a reasonable hypothesis could be a low capacity of the S. Derby isolates to infect humans. PCR typing of virulence genes and CGH data revealed that S. Derby lacked an important number of genes previously related to virulence. Furthermore, CGH analysis showed that among the genes absent from S. Derby, there are genetic regions that are not only present in S. Enteritidis but also harbored by all of the S. Typhimurium isolates sequenced so far (strains LT2, DT104, SL1344, DT2, and DT23580). Considering that the majority of the worldwide human cases of salmonellosis are associated with either S. Enteritidis or S. Typhimurium, a detailed analysis of the genetic regions of difference between these prevalent serovars and serovar Derby might give clues about the basis of the ability of a particular serovar to cause human disease. Our analysis shows that nine of these regions of difference encompass at least three contiguous genes ( Table 7) . Some of those regions have a clear association with pathogenicity traits, including SPI-13, SPI-14, and the fimbrial lpf operon. BLAST analysis shows that these three regions are also present in serovars Newport, Dublin, Heidelberg, Paratyphi, Choleraesuis, Hadar, and Infantis. SPI-13 and SPI-14 were recently described as important in the pathogenesis of S. Gallinarum (44) .
Other genetic regions absent from S. Derby but present in all of the sequenced S. Enteritidis and S. Typhimurium strains include a region associated with sulfatases (SEN0030-0038); the galactonate operon (SEN3643-3647); a region of several genes encoding ATP binding cassette (ABC) transporters, sugar kinases, and regulatory proteins (SEN3862-3870); and a region encoding various enzymes of the phosphotransferase system (SEN3904-3910). Sulfur is an essential element for bacterial growth and survival, and sulfatase genes are expressed under conditions of sulfur starvation, where the enzymes function in sulfate scavenging (28) . Several authors have hypothesized that sulfatases may be involved in the host-pathogen interaction (10, 23, 30, 34) . The role of sulfatases in the pathogenesis of Salmonella infections remains to be studied, but the presence of this genetic region may facilitate the survival of the pathogen in the human host, providing sulfur and carbon sources in tissues where free sulfur is limited.
Recently, it was reported that the monophasic serovar 4,12: d,Ϫ, which is highly adapted to poultry and is very rarely associated with human disease, lacks the galactonate and lpf operons (25) . These genetic regions are present in S. Typhimurium and S. Enteritidis, which are serovars frequently asso-VOL. 48, 2010 SALMONELLA PREVALENCE IN POULTRY AND EGGS IN URUGUAY 2421
on September 12, 2017 by guest http://jcm.asm.org/ ciated with food-borne disease. Our results show that S. Derby lacks these operons, suggesting that the function of these genes could be associated with the ability to cause human disease. ABC transporters are integral membrane proteins universally distributed among living organisms with functions in many different aspects of bacterial physiology. They are especially important in the import of essential nutrients and the export of toxic molecules across cellular membranes (12) . The SEN3862-3870 region has homologues in all of the S. enterica subsp. enterica strains sequenced to date but is not present in the strains of S. bongori and S. enterica subsp. arizonae that have been sequenced. These observations suggest that ABC transporters might be involved in the ability to infect mammalian hosts.
The lack of the region encoding phosphotransferase system enzymes in serovar Derby is consistent with the hypothesis that these strains are attenuated for virulence in humans. It has been reported previously that some of these enzymes play an important role in the virulence of Salmonella and other pathogens (29) and that this system participates in the regulation of the expression of different virulence factors in Salmonella (39) .
Our results strongly suggest that the strains of S. Derby circulating in Uruguay are impaired in the ability to cause human infection. If these strains acquire virulence determinants by lateral gene transfer, S. Derby may emerge as a zoonotic problem. This serovar has recently been recognized as a cause of human food-borne infection in Brazil (19) , China (50) , and Taiwan (7), being associated with multidrug resistance by the acquisition of Salmonella genomic island 1. S. Derby was isolated from human cases of gastroenteritis and invasive disease in Uruguay before 1991, and during 2008, a number of isolates were obtained from human disease. Further characterization of these isolates is currently ongoing.
Overall, our results show extensive flock contamination with S. enterica, to a higher degree than expected, with different serovars coexisting within the poultry population. In contrast, data derived from sampling of isolates from the national epidemic of human gastroenteritis infection show that most cases of human infection were due to a single S. Enteritidis serovar, suggesting major differences in the capacities of different serovars to infect human populations.
